Giant texturing effect in multiferroic MnW04 polycrystals 



Somnath Jana/' Abhishek Nag,^ and Sugata Ray^'^ 

^ Centre for Advanced Materials, Indian Association for the Cultivation of Science, 
Jadavpur, Kolkata 700 032, India 

'^Department of Materials Science, Indian Association for the Cultivation of Science, 
Jadavpur, Kolkata 700 032, India 

March 2, 2013 



Keywords: Ceramics, Epitaxy, Magnetic Materi- 
als, Ferroics. 

Abstract 

Different methods of texturing polycrystalline ma- 
terials are developed over years to use/probe 
anisotropic material properties with relative ease, 
where complicated and expensive single crystal 
growth processes could be avoided. In this paper, 
particle morphology assisted texturing in multifer- 
roic MnW04 has been discussed. Detailed powder 
x-ray diffraction vis-a-vis scanning electron micro- 
scopic studies on differently annealed and processed 
samples have been employed to probe the giant tex- 
turing effect in powdered MnW04. A quantita- 
tive measure of the texturing has been carried out 
by means of Rietveld analysis technique. Qualita- 
tive presentation of magnetic and dielectric data 
on textured pellet demonstrated the development 
of clear anisotropic physical properties in polycrys- 
talline pellets. Finally, we established that the 
highly anisotropic plate like particles are formed 
due to easy cleavage of the significantly large crys- 
talline grains. 
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1 Introduction 

Single crystals by definition are the purest form 
of solid materials and naturally the most exclu- 
sive form for carrying out direction dependent 
bulk experimental studies or for technological uses. 
However, entropy related effects often facilitate 
presence of imperfections in the microstructure of 
sohds, such as impurities, inhomogeneous strain 
or crystallographic defects, and as a result per- 
fect single crystals of reasonable volume are ex- 
tremely difficult to produce in the laboratory and 
even then, it might be possible only under pre- 
cisely controlled conditions. On the other hand, 
material 'texturing', i.e. the ability to impose pref- 
erential orientation to small, crystalline grains of 
a polycrystalline material, could provide a rather 
useful and viable solution to this problem. As 
most of the crystallographic properties are cou- 
pled with the crystallographic directions, attempt 
of texturing could help in realizing many desired, 
direction specific properties and also in probing 
anisotropic properties in an otherwise polycrys- 
talHne sample. Obviously, if the polycrystalline ce- 
ramics with properties close to single crystal can 
be fabricated by 'texturing', they would be advan- 
tageous due to their ease of fabrication, shaping, 
and cost-effectiveness. Following this idea, various 
experimental techniques have been developed in 
last few decades to reinforce preferential orientation 
in materials having versatile anisotropic proper- 
ties. For example, textured a-Al2 03 based ceram- 
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ics have been made by a number of techniques, e.g. 
tape casting, templated grain growth (TGG) 

f'9' 

etc., ^ while Matsuzawa et al. reported the TGG- 
type directed growth of ferrites in 1982. 1^1 Reac- 
tive templated grain growth (RTGG) is another in- 
dustrial development, which has been utilized to 
prepare various textured ferroelectric ceramics like 
Bi4Ti30i2, ^ CaBi4Ti40i5, ^ or pyroelectrics 
{e.g. (ZnO)5ln203, ^ NaCo204, ^) as well as 
piezoelectric ceramics {e.g. Ko.sNao.sNbOs). ^ 
Texturing of magnetic materials is also demon- 
strated at high temperature by solidification under 
an applied magnetic field. ^ 

Interestingly, certain materials may naturally 
promote 'texturing' in powder forms, which can on 
the other hand create difficulties because absence 
of prior information about the degree of such nat- 
ural 'texturing' may mislead researchers while de- 
scribing physical properties of polycrystals of such 
materials. But, a more general and questionable 
issue is the extraction of crystallographic informa- 
tion of such materials through powder diffraction 
experiments, a method employed to all samples 
grown either as single crystal or polycrystal, be- 
cause the diffraction data are normally analyzed 
with an inherent assumption that the experimen- 
tal results are average, isotropic responses of the 
material, which obviously turns invalid if the pow- 
der becomes strongly textured. In this paper, we 
report that substantial natural 'texturing' occurs 
in the well-known multiferroic MnW04 M HH HH 
in its powder form. Therefore, all the powder 
diffraction data providing crystallographic informa- 
tion, inherently connected to its multiferroic prop- 
erty, should be analyzed very carefully with de- 
tailed, prior knowledge about the 'texturing' that 
may remain in the sample under study. More- 
over, a fair body of research on polycrystalline 
MnW04 also exist ^ which naturally involve se- 
rious uncertainties. On the other hand, this nat- 
ural texturing tendency of the grains in polycrys- 
talline MnW04 could be consciously exploited to 
create nearly single crystalline properties and sin- 
gle crystal-like anisotropics in MnW04 polycrys- 
tals. Also, the high sensitivity of the electrical 
conductivity of MnW04 to the level of surround- 
ing humidity makes it a potential system for de- 
signing humidity sensors, and the tendency 
of texturing could be exploited for making single 



MnO and WO3 
mixed in agate mortar 
in stoichiometric amounts. 



Annealed at 1050°C as powder 



Annealed at 1200°C 
as pellet 



Sample A 



Sample B 



Annealed at 1200°C 
as powder 
i 



I 

Pre-PXRD grinding time 



Sample C 



20 mins 

i 


1 

30 mins 


1 

40 mins 

1 


Sample Bl 




Sample B2 




Sample B3 



Figure 1: Hierarchy chart showing annealing con- 
ditions for MnW04 samples A, B and C and pre- 
PXRD grinding times for samples Bl, B2 and B3. 



crystal-like films easily, which could be useful for 
application. 



2 Experimental Methods 

Polycrystalline MnW04 was synthesized using soHd 
state reaction method. Stoichiometric amounts of 
MnO (99.9%) and WO3 (99.9%) were mixed in 
an agate mortar and prolonged grinding was car- 
ried out in C2II5OH medium to ensure maximum 
possible chemical homogeneity in the starting mix- 
ture. The resultant powder was then thermally 
treated in different conditions to study the grain 
growth and texturing; the details are shown in 
Fig. 1. Also, MnW04 single crystals were grown 
by the fioating zone technique. The phase purity 
was checked by powder x-ray diffraction method in 
a Bruker AXS: D8 Advance x-ray diffractometer 
and the sample morphologies were probed by scan- 
ning electron microscopy (SEM) in a JEOL JSM- 
6700F FESEM instrument. The magnetic mea- 
surements were done in a Quantum Design SQUID 
magnetometer, while an indigenously built labora- 
tory setup with TEGAM 3550 LCR meter was used 
for dielectric measurements. 
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3 Results and discussions 

To have a quantitative idea of the anisotropy in 
grain shapes, we simply apphed manual pressure 
on the powder during the sample arrangement for 
powder x-ray diffraction (PXRD) measurements, 
thus enforcing preferential orientation of anisotrop- 
ically shaped grains, if present. All the peaks 
of PXRD patterns from all the samples could be 
indexed perfectly with the P2/c space group with 
the crystallographic parameters a = 4.829 A, 6 = 
5.758 A, c = 4.996 A, and f3 = 91.146°, which con- 
firm phase purity of all the samples. In Fig. 2(a), 
the PXRD pattern from sample A (open circles) is 
shown along with the standard powder data (red 
columns) from literature. Before collecting this 
data, a chunk of the fine powder was pressed and 
flattened on the sample holder by a glass slide. Al- 
though the PXRD pattern matches with the litera- 
ture data at a first glance, a closer look reveals that 
the relative intensities of a few crystalline peaks dif- 
fer rather strongly from the standard data with the 
strongest discrepancies corresponding to the planes 
parallel to (0 1 0) Miller index (see the insets to 
Fig. 2(a)), indicating a preferential orientation of 
grains along this direction. The SEM image of the 
same pressed sample is also shown in the inset. 
The particles are nearly spherical with few open 
facets, which are expected to be along the (0 1 0) 
planes. Usually almost all powder samples, due to 
the presence of certain level of anisotropy in their 
grain shapes are more or less affected by preferred 
orientation, but the gigantic effect observed in 
high temperature annealed MnW04 samples (Fig. 
2(b)) is unprecedented. In this case, the sample was 
annealed at 1200 °C in the form of a pellet (sam- 
ple B), thoroughly ground to fine powder (equiv- 
alent to sample B3, Fig. 1) and then placed onto 
a diffraction sample holder under manual pressure. 
Evidently, giant enhancements in the peak intensi- 
ties could be observed at reflections (0 1 0), (0 2 
0), (0 3 0), (0 3 1) etc. which has to be extrin- 
sic and should be an outcome of heavy texturing. 
Consistent with this assumption, the SEM experi- 
ments (see inset, panel (b)) exhibit plate-like grains 
for sample B3. 

In order to check the true PXRD patterns of 
these samples, we employed the simplest known 
method to avoid preferred orientation in sam- 
ple preparation for PXRD, namely the 'razor 
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Figure 2: (Colour Online) X-ray powder diffraction 
from pressed MnW04 samples: A(panel(a))and 
B3(panel(b)) at 300 K displaying the observed data 
(open circles) and standard data from literature 
(red columns), along with insets showing corre- 
sponding SEM images and enlarged (0 1 0) and 
(0 2 0) reflections. 



tamped surface' (RTS) method and obtained 
random particles at the surface of the measurement 
holder. H^l Here, the sample surface was tamped 
by the sharp edge of a razor blade during sample 
preparation, and the PXRD results for samples A 
and B3 under this new preparation have been plot- 
ted in Fig. 3. It is evident from Fig. 3 that 
PXRD patterns for both the samples showing cor- 
rect relative intensities could be reverted using this 
method. Therefore, it is established that the grains 
of sample B3 are highly anisotropic and can be tex- 
tured very easily and the lack of prior knowledge 
about the morphology of polycrystalline MnW04 
being studied, may lead to misleading diffraction 
or other experimental data. 
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Figure 3: (Colour Online) X-ray powder diffrac- 
tion from 'razor tamped' MnW04 samples: 
A(panel(a))and B3(panel(b)) at 300 K showing the 
observed data (open circles), standard data from 
literature (red columns) and enlarged (0 1 0) and 
(0 2 0) reflections as insets. 



As mentioned earlier, this high texturing ten- 
dency of polycrystalline MnW04 could on the other 
hand be exploited to an important advantage as 
well. Careful processing of these polycrystals could 
generate nearly single crystalline anisotropy and re- 
lated properties, which should be of significant help 
to material physicists or technologists. But to make 
use of the texturing one first needs to quantify the 
extent of grain alignments in MnW04 which we 
did next by applying small manual pressures to the 
samples and carefully analyzing the experimental 
PXRD patterns. Now, in order to have such quan- 
titative idea about the particle shape and the frac- 
tion of textured particles, the PXRD pattern of the 



compressed sample B3 was fitted with the help of 
modified March's function as implemented in the 
Fullprof program. The experimentally ob- 

served, calculated and difference profiles are pre- 
sented in Fig. 4 with (panel (b)) and without 
(panel (a)) taking into account the preferential ori- 
entation along (0 1 0) while fitting. It is to be 
noted that the value of K^p is reduced to 17.9% 
from 72.6% after adding the preferred orientation 
along (0 1 0) along with a large improvement in 
fitting, indicating the presence of high preferential 
orientation of the grains along the (0 1 0) planes. 
The result of the fitting indicates highly plate-like 
morphology of the grains and as high as ~50% grain 
texturing along the (0 1 0) planes. 

This amount of texturing would then surely be 
manifested through the anisotropic physical prop- 
erties of a sample. Using magnetic and dielec- 
tric measurements, here we illustrate the appar- 
ent anisotropy in the properties of polycrystalline 
MnW04 pellets. These pellets are made employ- 
ing unidirectional pressure in a pressure die, which 
enforce substantial texturing in the pellets where 
at least 50% of the particles (equivalent to sample 
B3) are expected to be textured having the crys- 
tallographic b direction perpendicular to the flat 
pellet surface. The magnetic moments with vary- 
ing temperatures were measured on such a sintered 
polycrystalline pellet mounted in two different con- 
figurations with respect to the magnetic field direc- 
tion. To compare the measured anisotropy, a M{T) 
data was simulated by a linear superposition of the 
same from a reported single crystal and the 
measured M(T) data from bare powders, so that 
an overall 50% texturing is ensured. In Fig. 5 the 
measured (main panel) and simulated (inset) M{T) 
data are plotted for the two aforementioned direc- 
tions. The clear similarity between the two offers 
the evidence for the presence of large anisotropy 
in the polycrystalline pellet due to large texturing 
effects. 

The variation in dielectric constants with tem- 
perature were measured on a similarly made pellet, 
once across the flat surface and once perpendic- 
ular to it. Dielectric constant of a single crystal 
of MnW04 was also measured in order to make a 
comparison with the values obtained from the pel- 
let. Fig. 6 shows the normalized values of relative 
dielectric constants for the two directions of the 
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Figure 4: (Colour Online) X-ray powder diffraction 
from pressed MnW04 sample B3 at 300 K showing 
the observed data (open circles), calculated pat- 
tern ( red continuous line), difference pattern (blue 
broken line) and Bragg positions with preferred ori- 
entation along (0 1 0) considered in (panel(b)) and 
not in (panel (a)). 

polycrystalline pellet and the data obtained for the 
single crystal in the inset. The normalized values 
(e"^) have been calculated using 

where, e^n, and Ae^ are the measured dielectric 
constants of the polycrystalline pellet, the corre- 
sponding background values and the peak height 
of the single crystal respectively. Expectedly, the 
peak heights from the polycrystalline pellet are 
substantially lower compared to the single crystal 
(maximum being 0.25) but more importantly, 
the clear contrast in the peak heights for the two 



Figure 5: (Colour online) Magnetization M(T) 
data observed (main panel) and simulated (inset) 
for MnW04 pellet (equivalent to sample B3) with 
the magnetic field parallel (black circle) and per- 
pendicular (red triangle) to the flat pellet surface. 

different directions brings out yet another proof of 
single crystal like anisotropy generated in a poly- 
crystalline sample by texturing. 

Next, it is important to understand the forma- 
tion mechanism of the preferentially oriented plate- 
like grains in polycrystalline MnW04 for further 
uses. We have carried out a few controlled mea- 
surements to figure out the aligned grain forma- 
tion mechanism. In Fig. 7, x-ray diffraction pat- 
terns from samples A (annealed at 1050 °C), B (an- 
nealed at 1200 °C in pellet form), C (annealed at 
1200 °C in powder form), Bl, B2 and B3 are shown 
in different panels. The pre-PXRD sample prepara- 
tions however, were different for different samples. 
Samples A and C, annealed as powders, were thor- 
oughly ground before collecting the PXRD, while in 
case of sample B, the hard annealed pellet was just 
broken into powder and any severe grinding was 
avoided. On the other hand, samples Bl, B2 and 
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Figure 6: (Colour online) Normalized relative di- 
electric constants measured with changing temper- 
ature for MnW04 pellet (equivalent to sample B3) 
along (black circle) and perpendicular (red trian- 
gle) to the flat pellet surface. Inset shows the value 
obtained for a single crystal of MnW04. 
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Figure 7: X-ray powder diffraction (/(no) = 1.0 for 
all the panels) from pressed MnW04 samples A, 
B, C, Bl, B2 and B3 in panels (a)-(f) respectively. 
Panels (e) and (f) have been scaled up to accom- 
modate the large preferred orientation effect. 



B3 were prepared from sample B with increasing 
grinding times (see Fig. 1). All the samples were 
then placed on the sample holder and pressed with 
glass slides before measurement, so that, should 
aligned grains be already present in any of them, 
the texturing effect would show up in PXRD. Inter- 
estingly, the XRD patterns reveal that preferential 
alignment is absent in samples A, B, and C, re- 
futing the idea of any preferential grain growth in 
these samples. 

One must mention at this point that a proper 
comparison of the degree of texturing in these sam- 
ples is an exceedingly hard process because nearly 
all the PXRD peaks get affected under the influ- 
ence of significant texturing, making the pattern 
normalization at any certain invariant 20 peak non- 
trivial. However, a careful look into Fig. 4(a) tells 
that the intensities of the observed and calculated 
profiles match better at (1 1 0) compared to (1 



0), (0 1 1), (-1 1 1), (1 1 1) (see inset to Fig. 4(a)), 
among the reflections those are not parallel to [0 1 
0]. From the consideration of the preferred orien- 
tation function, it is understood that the (1 1 
0) group of planes will indeed be the least affected 
ones, while there would be significant intensity vari- 
ations for all other groups of planes. Thus in order 
to compare different levels of preferred orientation, 
the patterns were normalized at (1 1 0), where the 
effect is minimal. From Fig. 7(c), (d) and (e), 
one can clearly see that the intensities at (0 10), (0 
2 0) and other related reflections are increasing with 
increasing grinding times. The PXRD patterns in 
Fig. 7 thus indicate that the as-formed sample B 
does not exhibit texturing and all the anisotropic 
crystallites originate only as a result of mechanical 
grinding. 

SEM images collected from samples A, B, C and 
B3 and are shown in Fig. 8. The SEM image 
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Figure 8: Scanning electron microscopy images 
from pressed MnW04 samples A, B, C and B3 
in panels (a)-(d) respectively showing sample mor- 
phology. 

from sample B stands out from A and C, as huge 
single crystal like, faceted grains are seen. We 
have already discussed earlier that it is only sam- 
ple B which exhibits significant texturing effects 
after thorough grinding indicating that the forma- 
tion of large crystallite grains is a pre-requisite for 
texturing. The SEM image from sample B3 i.e. 
the portion of sample B which underwent maxi- 
mum grinding shows large flat plates. Therefore, 
one could conclude that large crystalline grains of 
MnW04 (sample B) are cleaved along preferential 
faces during mechanical grinding (samples Bl, B2, 
and B3), which at the end gives rise to strong tex- 
turing effects. 

4 Conclusions 

MnW04 exhibits a natural cleaving tendency and 
hence texturing. Careful treatment of polycrys- 
talline MnW04 can produce aligned ingots where 
the crystalline anisotropy could be as high as 
50%. Our results show that large crystallites, 
ground heavily to form powders, create plate- like 
highly anisotropic grains, which can give rise to 
huge texturing under application of small manual 
pressures. Hence, powder diffraction experiments 
carried out on crushed single crystals or highly 
dense polycrystalline ingots of MnW04 could be 



highly prone to such effects and as a result can 
provide largely misleading crystallographic infor- 
mation. The magnetic and dielectric properties 
measured along two perpendicular directions on 
a pressed pellet show clear development of the 
anisotropic materials properties, which further en- 
sure the morphology induced texturing in MnW04. 
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